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Abstract 
Management of coal combustion products (CCPs) has created a challenge for utilities and regulators. In many countries CCPs are 
classified as hazardous substances and usage of them is limited. From the other hand, the CCPs have chemical and physical properties that 
make them suitable for beneficial use in engineering and construction applications. Usage of CCPs in concrete industry also helps to 
reduce energy demand as well as CO2 emissions, for example, every ton of cement which is replaced by CCPs in the concrete production 
industry results in the decrease of CO2 emission in the amount of 0.7–1.2 tons. According to the presented results here is possible to decrease 
the price of concrete C30/37 by 10% due to usage of grinded coal combustion bottom ash and reduce amount of CO2 emission by 22.9%. 
© 2013 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
Coal combustion products (CCPs) are mainly utilised in the building materials industry [1], [2], in civil engineering, in 
road construction, for construction work in underground coal mining as well as for re-cultivation and restoration purposes in 
open cast mining. They are used as a replacement of natural resources. Their utilisation helps to save natural resources and 
to reduce the energy demand and greenhouse gas emissions to the atmosphere caused by mining and generation of products 
which are replaced by CCPs. 
Currently in the European Union the total production of coal combustion products (CCPs) is estimated to be about 100 
million tonnes (www.ecoba.org). Limited amount of information is currently available about the generation of CCPs in the 
majority of “the new EU member states” as well as in the other European countries. It is estimated that the countries with 
the largest use of coal for energy production, like Turkey and Poland, are also the largest residue generators, followed by 
Bulgaria, the Czech Republic and Serbia and Montenegro. The rest of the new EU countries have little or no residue 
generation from coal. Estonia has energy generation from oil shale. Lithuania and Latvia generate < 60 000 tonnes annually.  
China had the largest production of coal combustion products (CCPs) in 2007 followed by India and Europe [3]. By that 
time, the total production of CCPs attained an estimated 720 million tons which are divided between countries in the 
following way: China – 300 Mt, North America – 95 Mt, India – 105 Mt, Europe – ~111 Mt, Russia – 25 Mt, South Africa – 
31 Mt, Japan – 11 Mt, other countries: ~42 Mt. [1]. Coal-fired electric utilities in the US annually generate over 100 million 
tons of large-volume CCPs (www.ecoba.org), [4]. 
Coal combustion products include fly ash (FA), bottom ash (CCBA), boiler slag (BS) and flue gas desulfurization 
material (FGD). Management of coal combustion products (CCPs) has created a challenge for utilities and regulators. In 
many countries CCPs are classified as hazardous substances. From the other hand, the CCPs have chemical and physical 
properties that make them suitable for beneficial use in engineering and construction applications [5], 6], [7]. Current 
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estimates indicate that only about 56 million tons or 43.5% of high-volume combustion products produced in the United 
States are reused in a beneficial application [8, 2]. Compared with ACAA report in 2003 [9], [2], the volume of reused 
CCPs in 2011 increased from 28 to 43.5%. Based on the statistics issued by the European Coal Combustion Products 
Association (ECOBA) in 2009, the overall CCPs production for 2007 in the European Union of the EU 15 was about 61 Mt 
with a utilization rate of 89.3%. In 2009 utilisation for FA in the construction industry in all EU was around 48% and for 
CCBA around 45%, while the utilisation rate for BS was 100% [2]. Even more impressively, in Japan almost 97.2% of all 
CCPs were reused in advantageous applications already in 2006. (www.ecoba.org). 
Usage of CCPs in building industry also helps to reduce energy demand as well as CO2 emissions, for example, every ton 
of cement which is replaced by CCPs in the concrete production industry results in the decrease of CO2 emission in the 
amount of 0.7–1.2 tons. 
The object of research given in this paper is coal combustion bottom ash (CCBA), which today is not reused in Latvia at 
all, but could be great acquisition for the Latvian concrete industry. The problem of CCBA utilisation could become actual 
in case when political decisions would be taken allowing to build a new coal power station in Latvia to satisfy the growing 
demand of electricity.  
Coal combustion bottom ash (CCBA) is agglomerated ash particles, formed in pulverized coal furnaces, which are too 
large to be carried in the flue gases and impinge on the furnace walls or fall through open grates to an ash hopper at the 
bottom of the furnace. Physically, bottom ash is typically grey to black in colour, is quite angular, and has a porous surface 
structure. CCBA is coarse, with grain sizes spanning from fine sand to fine gravel. CCBA can be used as a replacement for 
aggregate and is usually sufficiently well-graded [10], [11]. The porous surface structure of CCBA particles make this 
material less durable than conventional aggregates and better suited for use in base course and shoulder mixtures or in cold 
mix applications, as opposed to wearing surface mixtures. This porous surface structure also makes this material lighter than 
conventional aggregate and useful in lightweight concrete applications. 
The use of CCBA as a partial replacement of cement in typical concrete is related to a range of problems which should 
be solved beforehand. For example, in case CCBA is used as a replacement for cement, the additional grinding or cavitation 
is necessary [12]. Therefore suitable balance between energy demands, ecological and economic benefits should be found. 
The aim of the research is to find out the economic benefit and efficiency for the partial replacement of cement with coal 
combustion bottom ash (CCBA) as well as if it is possible to use CCBA as microfiller like flay ash with pozzolanic 
properties in production of concrete [13], [14].   
Partial replacement of cement allows to reduce concrete production costs and advances ecological benefit. By using 
CCBA in the concrete production significant amount of coal combustion residuals would be consumed, which otherwise 
could pollute the environment and endanger public health. Pollution of waste water, water in rivers and drinking water 
would be prevented. 
2. Methods 
Coal combustion bottom ash (CCBA) used in the research comes from a boiler house operating on coal. CCBA was 
grinded in planetary ball mill Retch® PM 400 for 4, 15, 30 and 45 minutes. Various grinding periods were applied in order 
to find out how the granulometric composition will impact properties of concrete and if the grinding period has an impact on 
the CCBA pozzolanic activity. 20% and 40% of cement mass in the concrete mix was replaced by the grinded CCBA.   
In order to determine the efficiency of CCBA and its impact on the concrete structure and its mechanical properties, 
several etalon or reference concrete mixes were prepared: 1) mixes without replacing of cement and 2) mixes where cement 
is partially replaced by inert filler – dolomite flour – in the same proportions as CCBA – 20 and 40% respectively. By 
comparing the mechanical properties of reference mix (with 100% of cement) to the mix with CCBA (20% and 40% of 
cement mass) it is possible to evaluate the CCBA activity and its role in the concrete strength increase as a result of long-
term curing, By analysing results obtained from research of CCBA containing concrete and concrete with inert filler in their 
turn, it is possible to determine the role of the CCBA microfiller in ensuring ideal filler packing and creation of dense 
concrete structure. 
In this paper properties of CCBA were determined, such as substance density by Le Chatelier flask, particle size 
distribution after different grinding periods (4, 15, 30 and 45 minutes) (LVS EN 933-2:1995 un LVS EN 451-2:2001), 
CCBA particles were investigated under scanning electron microscope (SEM - TESCAN Mira\LMU Field-Emission-Gun) 
and chemical composition was determined with EDX (energy dispersive X-ray spectrometry – EDS, Oxford instruments 
7378). The specific surface area of particles was deteremined by Porosimeter NOVA 1200Е (0.35 – 200 nm) 
“Quantachrome Instruments”. The pozzolanic activity of particles was determined according to the method created at the 
Laboratory of Analytical Chemistry, Institute of Silicate Materials, Riga Technical University. Short description of method: 
fine grinded materials containing active SiO2 and Al2O3 (pozzolanic additives or hydraulic components) are dissolved in 
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weak hydrochloric acid. Silica and aluminium hydroxide are separated from the solution by determining their weight 
fractions followed by burning of precipitates in order to obtain active SiO2 and Al2O3. 
Cone slump of fresh mortar specimens was determined according to LVS EN 12350-2:2009. The necessary amount of 
water for mortar preparation was determined experimentally depending on the composition of mortar aiming to maintain 
class S4 cone slump, which is 160 – 210 mm. Mortar bulk density was determined according to LVS EN 1015-6:2003. 
Density of hardened concrete for concrete specimens was determined according to standard LVS EN 12390-7. 
Compressive strength of specimens was determined according to standard LVS EN 12390-3/AC. Loading rate was 
0.7 MPa/s. Compressive strength of specimens was determined using hydraulic press CONTROLS 3000kN. Compressive 
strength of concrete was tested for 7, 14, 28 and 90 days old specimens. Depth of penetration of water under pressure for 
concrete was determined according to standard LVS EN 12390-8:2009 with the Controls impermeability apparatus C245 by 
exposing one surface of specimens to the water with pressure of 5 atmospheres. This experiment continued 72 hours. Water 
absorption was determined for 28 days old concrete specimens. 
3. Raw Materials 
Chemical composition of Kunda CEM I 42.5 N is given in Table 1. According to the analysis of mineralogical 
composition, Kunda cement consists of 67,7% belite, Cement initial setting was after 3 hours and 2 minutes and the final 
setting was after 3 hours and 44 minutes. Blain fineness was 3787 cm
2/g. Compressive strength in 1 day was 15,4 MPa, in 
7 days 32,9 MPa and it gradually increased until 60,5 MPa in 28 days.  
Table 1. Chemical composition of Kunda CEM I 42.5N 
Cement producer, type 
Chemical composition  
SiO2, % Al2O3, % Fe2O3, % CaO, % MgO, % SO3, % Na2O, % K2O, % TiO2, % Cl, % Citi, % 
Kunda CEM I 42.5N 21,98 5,79 3,66 52,46 4,19 3,05 0,10 2,40 0,38 0,08 5.91 
 
CCBA was grinded for different grinding periods – 4, 15, 30 and 45 min respectively. The particle size distribution of 
grinded CCBA was determined depending from grinding period. The results are given in Fig. 1.   
 
Fig. 1. Particle size distribution of CCBA depending from grinding period 
For CCBA grinded for 4 minutes only 11.3% of particles were finer than 125 µm, but their amount increased 
significantly by extending the grinding period. Comparing the particle size distribution of CCBA grinded for 15 and 
30 minutes, the amount of fine particles (<125 µm) grows from 47 to 51%, which is insignificant gain. By extending the 
grinding period to 45 minutes, the amount of particles which are finer than 125 µm attends 75%. Particle size distribution of 
dolomite powder is between CCBA grinded for 30 and 45 min.  
By extending CCBA grinding period, the amount of fine particles augments and it can increase the activity of CCBA in 
the concrete curing process, because the specific surface area expands according to particle size – for grinding period of 
4 minutes it is 1,164, and for grinding period of 45 minutes – 9,849 m
2/g. However, the amount of active SiO2/R2O3 in the 
material grows only from 1,51/6,35 after 4 minutes of grinding to 2,13/7,37% after 45 minutes of grinding. The amount of 
active SiO2 and Al2O3 in the CCBA increases only by 1% extending the grinding period, which unjustifies use of energy for 
grinding, because the pozzolonic activity does not increase significantly. 
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By comparing CCBA grinded for 45 minutes and those with shorter grinding period (30 and 15 min) in their turn, the 
optimal particle size distribution is for CCBA with 15 minutes grinding period. It is related to the fact that after grinding 
period of 15 minutes CCBA has even particle distribution with sufficient amount of fine particles (<125 µm), which can 
have a positive impact on the concrete particle packing and improve concrete properties [15]. In the same time during the 
grinding period of 15 minutes the smallest possible amount of energy is consumed.  CCBA grinded for 4 and 15 minutes 
were used for further investigations. 
According to the SEM research (Fig. 2) it is possible to conclude that the CCBA particles do not form agglomerates and 
they have sharp-edged shape. It can be observed in SEM images (Fig. 2) that particles sized less than 20 µm dominate in the 
CCBA (15 minutes). Only some of the particles exceed 50 µm. 
 
Fig. 2. SEM image of CCBA grinded for 15 minutes 
CCBA particles grinded for 4 minutes with different image magnification are presented in Fig. 3. Particle size differs 
considerably ranging from 300 µm to even some micrometres. Finer particles with higher density, which have the 
appearance of metallic lustre in SEM images, can be seen on larger particles. 
   
Fig. 3. SEM image of particles grinded for 4 minutes 
Chemical composition of visually different CCBA particles was detected using EDX. The tested EDX points are given in 
Fig. 4. According to the results of EDX analysis, porous and comparatively large particles could be particles of partially 
burned pieces of coal (Table 2, spectrum 1), because they consist of 88.78% carbon (C) and 10.44% oxygen (O). Finer 
particles with higher density distributed on the surface of larger particles contain Al and Si, as well as other chemical 
elements (Table 2, spectrum 2 and 3).  
Table 2. Distribution of chemical elements in the typical locations of CCBA 
EDX analysis location 
Element, atomic weigh, % 
C O Mg Al Si S Ca Fe 
Spectrum 1 88.8 10.4 0.2 0.13 – 0.3 0.2 – 
Spectrum 2 23.6 54.1 – 10.8 11.5 – – – 
Spectrum 3 34.4 49.8 1.3 3.26 3.41 0.2 7.4 0.3 
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Fig. 4. Locations chosen for the EDX 
According to the results of EDX analysis, amount of carbon on the surface of particles with higher density is 
comparatively lower (up to 23.63 – 34.36%), but the amount of oxygen is higher (up to 49.82–54.1%), which indicates the 
presence of oxides of different metals in the respective locations. There are dominating also aluminium (Al) – 3.26–10.77%, 
silicon (Si) – 3.41–11.49% and calcium (Ca) – 7.42%. Probably these are the particles having pozzolanic activity. 
4. Preparation of mixes 
Three different reference mixes were prepared in order to compare their properties with those of CCBA containing 
concrete. In one of the reference mixes 100% of cement was used as binder and in two mixes cement was partially replaced 
by inert filler – dolomite flour – 20 and 40% from the cement mass respectively. Four different mixes with CCBA were 
prepared – two of them with CCBA grinded for 4 minutes and other two with CCBA grinded for 15 minutes, replacing with 
it 20 and 40% from the cement mass. Mixes were prepared using the following components: Portland cement Kunda CEM I 
42.5, crashed stone with fraction 5/20 mm and 2/12 mm as well as sand with fraction 0/4 mm (Table 3). Such amount of 
water was added to all of the mixes that allowed maintaining class S4 cone slump. Normal curing regime was applied to 
specimens (10x10x10 cm) – demoulded specimens were kept in the water with temperature 20±2 °C for 3 days, then placed 
in the room with constant temperature regime (20±2 °C) and humidity level (relative humidity 95% ).   
Specimens were kept there until the tests and experiments. Mortar bulk density for all specimens ranged from 2358 to 
2382 kg/m
3. 
Table 3. Concrete mix composition 
  
ET 
kg/m3 
CCP4/20 
kg/m3 
CCP4/40 
kg/m3 
CCP15/20 
kg/m3 
CCP15/40 
kg/m3 
D20  
kg/m3 
D40 
kg/m3 
Portland cement Kunda CEM I 42.5 N 350 280 210 280 210 280 210 
Pebbles 5/20 500 500 500 500 500 500 500 
Pebbles 2/12 500 500 500 500 500 500 500 
Sand 0/4 (Tukums) 750 750 750 750 750 750 750 
CCBA 4 min  70 140 – –   
CCBA 15min   – – 70 140   
Dolomite flour      70 140 
Water 212 204 212 204 204 206 202 
W/C ratio 0.606 0.729 1.010 0.729 0.971 0.737 0.964 
W/(C+P) ratio  0.583 0.606 0.583 0.583 0.589 0.577 
TOTAL: 2312 2304 2312 2304 2304 2306 2302 
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5. Mechanical and Physical Properties 
Compressive strength of concrete was tested for 7, 14 and 28 days old specimens. Data obtained are presented in Table 4 
and Fig. 5. 
As it can be observed, mixes, where cement was partly replaced with CCBA, have lower compressive strength compared 
to the specimens made from mixes without replacing cement. Comparing specimens from mixes, where cement was partly 
replaced with dolomite flour, to those, where cement was partly replaced with CCBA, in their turn, CCBA has a positive 
impact on the compressive strength of the latter. It also can be observed that among the specimens, where cement was partly 
replaced, specimens with 20% cement replacement have the best results. CCBA with grinding period 4 minutes showed 
compressive strength 45 MPa, but CCBA with grinding period 15 minutes showed compressive strength 43 MPa. 
Difference between these specimens was only 2–4 MPa.  
The compressive strength class of concrete did not change by replacing 20% of cement mass with CBA as shown in the 
table. Consequently it can be concluded that if the compressive strength class do not change, this mix can be used in 
concrete production, as it contributes both to the reduction of CO2 emissions in the construction sector and to the CCBA 
utilization in concrete therefore reducing environment pollution.    
Table 4. Compressive strength results of concrete specimens (MPa) 
Specimen 7 days 14 days 28 days Compressive strength class according to LVS EN 
ET 37 45 47 C30/37 
CCP4/20 32 38 45 C30/37 
CCP15/20 31 39 43 C25/30 
D20 28 35 40 C25/30 
CCP4/40 16 21 27 C16/20 
CCP15/40 19 25 31 C20/25 
D40 17 20 26 C16/20 
 
From the results given in Table 5 it can be concluded that among the specimens those with 40% of CCBA grinded for 
4 minutes and those with 40% of dolomite flour have the least dense structure. Probably it can be explained by the excessive 
amount of fine particles in the concrete mix that results in lack of optimal particle packing. The specimens where 20% of 
cement was replaced with CCBA grinded for 15 minutes or with dolomite flour have the densest structure in their turn. It 
can be explained with the fact that CCBA grinded for 15 minutes have, the optimal particle size distribution (Fig. 1) 
ensuring optimal particle packing. Although it should be noted that by replacing 20% of cement with CCBA grinded for 4 
minutes ensures the same depth of penetration of water class as for the reference specimens. Consequently it can be 
concluded that concrete with higher depth of penetration of water class can be obtained if the amount of microfillers in the 
concrete mix do not exceed 20%. 
Depth of penetration of water results are partially approved by testing water absorbtion of specimens, as given in 
Table 5. Among the specimens those with 40% of CCBA grinded for 4 minutes and those with 40% of dolomite flour have 
the highest water absorption rate (6.9–7.2%). Comparing the reference specimens to the specimens where 20% of cement 
was replaced with CCBA grinded for 4 and 15 minutes and dolomite flour, the latter have the lowest water absorption rate. 
These specimens have water absorption rate 6.0–6.2% which is 0.3–0.5% lower compared to the reference specimens. 
Table 5. Water penetration and absorption 
Specimen Depth of water penetration, mm Water absorption % 
ET 28 6.5 
CCP4/20 28 6.0 
CCP4/40 55 7.2 
CCP15/20 18 6.2 
CCP15/40 35 6.9 
D20 14 6.1 
D40 56 7.0 
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Fig. 5. Compressive strength results of concrete specimens 
6. Economic and Ecological Substation 
By replacing 20–40% of cement with CCBA, 70 – 140 kg of cement are economized on every 1 m
3 of concrete (Table 6). 
Assuming that producing 1 t of cement generates 1 t of CO2, emission of CO2 can be reduced by 70 – 140 kg on every 1 m
3 
of concrete, while reduction of concrete compressive strength do not exceed 10% if 20% of cement are replaced. By 
increasing the amount of replaced cement compressive strength of concrete might decrease significantly – even by 35% if 
40% of cement are replaced.  
Table 6. Economizing of cement replacing it with ash 
 
Portland cement Kunda CEM I 42.5 N 
kg/m3 
Economizing of cement  
kg/m3 
ET 350 0 
CCP4/20 280 70 
CCP15/20 280 70 
D20 280 70 
CCP4/40 210 140 
CCP15/40 210 140 
D40 210 140 
 
Economic substantiation of using grinded CCBA as a concrete micro additive is necessary for utilization of ash in 
concrete industry to be cost effective. Economic benefit should be reasonable as recycling of CCBA in concrete micro 
additives demands certain investments. CCBA recycling includes transportation costs from heating plants and costs related 
to the grinding of CCBA for fixed period of time to obtain the necessary fineness. As transportation costs occur by 
transporting the natural resources for the concrete production as well, it can be assumed that this price formation factor is 
equal with the delivery of raw material to the concrete plant. Grinding is one of the most energy-intensive processes related 
to the ash preparation for use in concrete production. Ash grinding for industrial use is similar to the cement clinker 
grinding. As fineness of clinker and ash is similar, energy and costs of ash grinding will be equivalent to the power-intensity 
and costs of cement grinding. Output data for energy and costs of ash grinding will be assumed equivalent to those of 
cement clinker grinding. 
Grinding process is an important stage both in cement production and ash processing for their use in concrete production. 
Considerable amount of CO2 is generated in cement production process. Cement production industry generates 5% of the 
total amount of CO2 emissions. Cement production generates 222 kg of CO2 in average on 1 ton of cement produced [17]. 
Energy consumed by mills in the cement grinding process generates 50 kg of CO2 in average on 1 ton of cement produced 
(50 kg CO2/t) [2]. Equivalent amount of CO2 would be generated in the process of ash grinding as well. Cement production 
industry consumes 110 kWh of electricity to produce 1 ton of Portland cement. Around 40% of the energy necessary for 
1 ton Portland cement production is consumed for clinker grinding [16]. The current standard that allows estimating energy 
consumption in the grinding process is specified with the empiric formula which is based on cement specific surface area 
(Blein method) and specific energy consumption for grinding. Relation is discovered experimentally that defines energy 
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consumption according to the specific surface area (cement fineness) (http://web.mit.edu). According to the calculations 
~47 kWh of energy is necessary for producing 1 ton of cement with specific surface area 450 m
2/kg.  
Ecological and economic benefits were determined for the concrete mix with the highest compressive strength, where 
20% of CCBA with grinding period 4 minutes were added, which is 70 kg/m
3 of CCBA in the concrete. The highest 
compressive strength was chosen, because this is one of the most important concrete properties and the choice of concrete is 
based mainly on the strength class of concrete. Economic benefit can be determined by the strength class and current market 
price of concrete. Reference mix with 0% of CCBA has compressive strength class C30/37 with 47 MPa, which is 
equivalent to the concrete mix with 20 % of CCBA grinded for 4 minutes. Economic comparison is given in Table 7. 
Concrete price is indicated according to information on company Kolle Beton website in December, 2012. The price of 
traditional concrete with compressive strength class C30/37 is 53.24 LVL. Based on data of the reference mix C30/37 with 
the price 53.24 LVL/m
3, economical calculations were made and costs for m3 of concrete estimated replacing 20% of the 
cement mass with CCBA grinded for 4 minutes (assuming that for the concrete C30/37 it would be 350 kg/m
3). Energy 
consumed for CCBA grinding is shown in Table 7.  
Table 7. Economic comparison for the concrete C30/37 with CCBA and maximal  aggregate size 16 mm 
Reference CCP4/20 
Concrete C30/37 Concrete C30/37 
Market price for m3 of concrete* [8] 53.24 53.24 
Amount of cement in concrete, kg/ m3 350 280 
Amount of CCBA in concrete, kg/ m3 0 70 
Price of CCBA grinding LVL/t* 4.03 4.03 
Price of CCBA for 1 m3 of concrete (140 kg), LVL 0 0.28 
Cement costs (74.5 LVL/t) 26.08 20.86 
Concrete costs: 53.24 48.31 
Economic benefit LVL/ m3 of concrete 0.00 4.93 
Price changes, % 0.00 –9.3 
 
The price of the energy consumed for CCBA grinding is assumed 0.1074 LVL/kWh. As CCBA was grinded for 4 
minutes and the amount 20% of the cement mass (350 kg/m
3) constitute 70 kg/m3, the price of CCBA preparation for 1 m3 is 
0.28 LVL. The new concrete price is calculated by adding this price to the price of concrete C30/37 and by deducting the 
economized amount of cement (70 kg for 1 m
3 of concrete). Economic benefit is 4.93 LVL for 1 m3 of concrete. Costs of 
concrete decrease by 9.3% compared to the market price for the particular compressive strength class concrete without 
CCBA micro additive. 
In addition to the economic benefit there is an ecological benefit as well. Ecological benefit comes from the economizing 
of cement and deposition costs of CCBA. Estimation of deposition costs differs in each individual case and therefore 
difficult to assess, therefore ecological benefit will be based on the theoretical reduction of CO2 emission in the cement 
production. By including CCBA in the concrete mix it replaces cement, production of which involves generation of 
significant CO2 amount. 
Table 8. Calculations of CO2 emission amount of cement production for 1 m3 of concrete 
Reference CCP4/20 
Concrete C30/37 Concrete C35/45 
Amount of cement in concrete (kg/ m3) 350 270 
Amount of CCBA grinded for 4 minutes 20%, kg/ m3 0 70 
CO2emission from cement* 78 60 
CO2  emission from CCBA grinding 0 3.5 
CO2emission change (kg from 1 m3 of concrete) 0 –18 
CO2 changes, % 0 –22.9 

157 Diana Bajare et al. /  Procedia Engineering  57 ( 2013 )  149 – 158 
According to literature sources cement production generates 222 kg of CO2 emission for 1 ton of cement [17]. By 
estimating economizing of cement for 1 m
3 of concrete it is possible to calculate CO2 emission reduction for 1 m
3 of 
concrete with grinded CCBA.  
In order to produce C30/37 concrete without CCBA micro additive, 350 kg/m
3 of cement is necessary. By replacing 20% 
of cement with CCBA, cement is economized and amount of CO2 emission in concrete production reduced indirectly. 
Calculations of CO2 emission amount in production of 1 m
3 of concrete are given in Table 8. CO2 emission from production 
of 1 m
3 of concrete constitutes 78 kg for concrete C30/37 with the cement amount 350 kg/m3. By replacing 20% of cement 
with CCBA grinded for 4 minutes, 70 kg of cement are economized on 1 m
3 of concrete. The new amount of CO2 emission 
for 1 m
3 of concrete was calculated taking into account electricity consumed for CCBA grinding and CO2 emission. By 
replacing cement it is possible to reduce amount of CO2 emission by 18 kg/m
3 – from 78 kg/m3 to 60 kg/m3 or by 22.9%. 
7. Conclusions 
1. The grinded CCBA can effectively replace cement up to 20% of its total amount without reducing compressive strength 
of concrete and its strength class. By replacing 20% of cement with CCBA compressive strength class of concrete 
C30/37 can be ensured, which is equivalent to the reference mix of concrete.  
2. Comparing concrete where 20% of cement is replaced with CCBA with the one where 20% of cement is replaced by 
dolomite flour, the formed showed higher compressive strength (by 7–12%), as well as higher depth of penetration of 
water and water absorption rate, indicating that dolomite flour is more useful as microfiller from the filler packing point 
of view.    
3. Replacing 40% of cement with CCBA (regardless of its grinding period) the compressive strength of concrete reduces 
significantly. After 28 days of curing compressive strength class of concrete reduces to C20/25 compared to the 
compressive strength class C30/37 for the reference mix of concrete. Strength indicators are even lower for the concrete 
with inert fillers (dolomite flour) reaching class C16/20.     
4. The research results approve that CCBA has little pozzolanic activity, because comparing concrete specimens with the 
equivalent amount of CCBA (CCP4/20 – 45 MPa) and dolomite flour (D20 – 40 MPa), properties of the latter are higher. In 
addition, this tendency do not change if amount of fine particles in CCBA increases. It was approved in the chemical 
composition research, which showed that pozzolanic activity of CCBA increases only slightly if the specific surface area 
of particles expands. 
5. After 28 days of curing compressive strength class of concrete with CCBA grinding period of 4 minutes reaches C16/20 
and with CCBA grinding period of 15 minutes reaches C20/25. Compressive strength of concrete differs by 14.8%. The 
respective compressive strength increase do not provide corresponding economic benefit for additional grinding period 
(+11 min), therefore energy and resources can be economized on the grinding.    
Partially replacing cement with the CCBA, the consumption of cement and CO2 emission from the cement production 
reduces significantly. In addition to cement economizing, possibility of environmental pollution with CCBA is prevented 
and effective application for CCBA is found. 
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